Selecting technologies for developing software is a crucial activity in software projects. Defect reduction is an example of an area in which software developers have to decide what technologies to use. CeBASE is a NSF funded project that has the role of improving software development by providing decision support on the selection of techniques and tools. The decision support is based on empirical data organized in experience bases and refined into high-level models. Empirical data is collected through various activities, for example through eWorkshops in which experts discuss important issues, and formalized using the lightweight knowledge dust to knowledge pearl process.
The Need for Capturing and Evolving

Defect Reduction Data and Experience
When software defects (i.e. faults in the requirements, design, or code of a software system) are allowed to propagate to subsequent development phases, the effort necessary for detecting and correcting them tends to increase. In the worst case, the defects are never caught and result in faults in the delivered product. At the very least, uncaught defects increase the cost of software by causing wasted effort in development, or just through the time required for tracking down the bug and removing it.
Thus, an effective approach to software defect management is needed to produce software of desired quality, within time and budget constraints.
To create a coherent defect management approach, software developers have a plethora of development tools, techniques, and methods from which to choose. In order to develop software on-time and within-budget, meeting the correct functional and non-functional requirements, they need to make informed decisions about which of these technologies to select. Results corne from different environments; often introduce subtle differences in the way the same technology is used;
are reported in different ways, in different publications.
Abstracting a coherent and useful story from so many independent data points is not easy, but it is necessary if our understanding of the essential phenomena of the field are to progress and are to be continuously tested against common, real-world experience. This is necessary for ensuring the continued relevance of research results, and for getting the fruits of this research in a form where they can be useful for the people developing software. Experience bases are based on the contribution of experts.
They are built on the fact that knowledgeable individuals capture and share their knowledge with other individuals.
When the concept of sharing experience is presented to experts, the message is often interpreted as invest now, and someone else might harvest later. This is often not satisfact0l)' enough to motivate these experts to share their knowledge. Experts need immediate gratification or return on their efforts in order to value experience sharing.
Another aspect is that because it takes time to receive the benefits from sharing experiences and because it is hard to measure these benefits, experience management can be seen as a risky activity. Experience management requires a relatively large investment and a fundamental commitment to change the organizational culture to a sharing onc. The risk lies in the fact that it takes a long time to notice if the wrong approach was selected or to find out that another direction would have been more successful.
We have been experimenting with a lightweight process to building experience bases called the Knowledge Dust to Pearls [IJ approach that addresses these problems and has shown promising results.
Based on our experience we set out to definc a lighter and less risky approach that would be more appealing to both experts and novices. accomplished by creating a system that supports peer-to peer activities; i.e., the employees of the organi zation help each other and fulfill the short-term return goals of a knowledge capturing and sharing approach. In parallel, the knowledge dust is analyzed and synthesized and transformed into knowledge pearls, which represent more sophisticated, refined and valuable knowledge items that take longer time to produce. This work is often complex and needs to be done by a separate organization: the EF group.
One Application: eWorkshops
An application' of the concept of knowledge dust developed by CeBASE relies on electronic workshops or "eWorkshops" to gather, analyze, package and further test such information in a time-efficient manner [5] .
EWorkshops are run over a standard web interface, allowing experts in geographically diverse locations to interact with one another for a common purpose in a relatively short time period. Actually, the name "eWorkshops" may be a bit misleading because although the online workshop is the centerpiece of experience collection, and� the activity most visible to participants, there are associated processes and support roles in place "behind the scenes" regarding preparation, conducting, running, and analysis of the meeting. These processes and roles provide valuable focus and make sure the specific goals of the activity are addressed. This is an application of our approacH, in the following way: The experts find value in discussing important issues with their peers while at the same time their statements are automatically captured. These'statements are the knowledge dust and are immediately useful for the participants of the e Workshop as well as other people. Furthermore, the statements are analyzed in real�time resulting in a real-time summary of the meeting: A more extensive post-analysis is conducted after the meeting in order to turn the baby-pearls into real knowledge pearls. All of this material now constitutes the experience base with references to other published material as well as to experts in the field. The experience base is thus quickly populated with high-quality experience packages that attract experts to both share more experience and to use and learn from other peoples' experience,
In order to achieve desirable results, the organization of ,the workshop follows a strict protocol: 1. Choose a, topic of discussion. The topic under discussion'is first determined. 2. Invite participants. Participants are invited and instructed to log into the eWorkshop using a Web browser at the appointed time. 3. Distribute Pre-meeting information sheet. To direct the discussion, preliminary information about the topic is presented to the participants, who send in pre-131 meeting information. This is used to guide the discussion during the meeting. For the eWorkshops on defect reduction, for example, we used a "top 10" list describing I 0 common beliefs about how defects behave, where they are found, and what works for removing them, to seed the discussion. 4. Establish meeting codes -for meeting ana(vsis. The workshop organizers analyze the information sheets to develop a taxonomy of issues to be discussed. 5. Publish synthesized info from pre-meeting sheets. An analysis of the information sheets are given by the eWorkshop team and distributed to each participant before the meeting. A preliminary work session is scheduled to give meeting participants a chance to try out the software so that the meeting can proceed smoothly. 7. Set up control room. Several individuals (described later) actually run the meeting. While most participants are in their own offices looking at a computer screen, the meeting organizers need to coordinate their activities among several roles. 8. Conduct meeting. At the appointed time, the participants use their Web browser to log into the chat tool and the meeting is underway. 9, Post-meeting analysis and synthesis. A script of the meeting is kept and analyzed to extract knowledge for the knowledge base.
Roles for effectively achieving the above process include:
• Lead discussants interact with the international group of invited participant experts, to help direct the conversation.
• A moderator is responsible for focusing the discussion and maintaining the agenda.
• A director is responsible for assessing and setting the pace of the discussion.
• As the discussion evolve, a scribe capture and organize the results displayed on the whiteboard area of the screen. When participants reach a consensus on a particular item, the scribe updates the whiteboard to reflect the outcome.
• An analyst codes the responses according to a pre defined taxonomy. The analyst enters one or more codes to categorize responses as they are entered.
• Tech support is responsible for handling any technical problems that might occur.
Results so far
Three eWorkshops have been run on defect reduction, specifically focused on heuristics for:
• Describing the cost and effort due to software defects;
• Describing the impact of defects on software;
• Evaluating effective methods for removing defects.
The general consensus has been that they have been not only enjoyable for participants, but also an effective way of quickly describing the state of knowledge of a field.
For example, there were some mature technologies discussed that were clearly effective. Several participants described confirmatory evidence in the pre-meeting feedback and during the discussion concerning the effectiveness of software inspections. Although numbers varied, most sources reported that reviews caught more than half of a product's defects regardless of the project domain, level of maturity of the organization, or lifecycle phase during which they were applied. Several factors that could raise the defect detection rate even higher were Full results of the e Workshops, including the summarized expert discussion, are available online at http://www .cebase.org/www iresearchActivities/defectRed uctionlindcx,htm as well as in [6] . (The process has since been applied to other areas, such as COTS-based development ' and agile development methods 2 , see [7] .)
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